Despite the enticing properties for device fabrication, the growth of high crystalline quality InN remains a challenge, especially due to two reasons: stoichiometric instability and low dissociation temperature. Using low pressure chemical vapor deposition (LPCVD) at low temperatures about 600 0 C, thermal desorption is suppressed. 5 However, the cracking efficiency of ammonia in this temperature regime is extremely low and it requires a large group V-III precursor ratio. and an ammonia (NH 3 ) to trimethylindium (TMI) precursor ratio of 3000. The sample was cleaned with acetone and rinsed with isopropyl alcohol before installing into the UHV chamber. The ultrahigh vacuum condition was restored in the chamber by a 5 day long baking and cooling method. After maintaining the UHV environment in the chamber, the sample was cleaned by a procedure of bombardment with 1 keV nitrogen ions followed by atomic hydrogen cleaning (AHC), which was reported as an effective technique to remove surface contaminants by Piper et al. iii. rEsults ANd disCussioN Fig. 1 shows the HREELS spectra of InN epilayers grown on GaN/sapphire studied by authors' research group previously. 10 The strong loss feature at 550 cm -1 was assigned to a Fuchs-Kliewer surface phonon. The loss peak at 3260 cm -1 for the atomic hydrogen cleaned (AHC) surface was assigned to an N-H stretching vibration, while the loss feature at 870 cm -1 was assigned to an N-H bending vibration. In addition, the peak near 360 cm -1 was suggested to the bouncing vibrations of the nitrogen surface atoms with the surface.
From these observations it was concluded that the InN film in that work was N-polar and N-H terminated.
Fig. 1. HREELS of InN after AHC. Spectra were acquired in the specular direction with an incident electron energy of 12.5 eV.
In another work, 11 HREELS spectra of the AHC treated InN layers were observed as shown in Fig. 2 . In this work, they varied the energy of the incident electrons and observed a strong loss feature at 560 cm -1 in all spectra. This loss feature was assigned to a Fuchs-Kliewer surface phonon. Most importantly, they observed a broad loss feature in the range of 3100-3600 cm -1 for different incident electron energies which they assigned to a conduction band plasmon excitation. From these spectra they revealed the fact of the presence of a surface electron accumulation.
Fig. 2. HREELS from an atomic hydrogen cleaned InN sample with incident electron energies of (a) 7 eV, (b) 15 eV, (c) 25 eV, and (d) 35 eV.
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In the present work, the HREELS spectrum of an InN sample obtained after AHC is depicted in Fig. 3 . As shown in Fig. 3 , loss features are observed at 640 cm -1 , 1260 cm -1 , 1440 cm -1 , 1600 cm -1 , 2960 cm -1 , 3400 cm -1 and 3710 cm -1 . The loss peaks at 1260, 1600 and 3400 cm -1 indicate that this surface is predominantly NH 2 terminated as opposed to the N-H termination observed in earlier work. [10] [11] Unlike in the previous work 10 where they observed Fuchs-Kliewer surface phonon at 550 cm -1 , a strong and broad loss feature is observed at 640 cm -1 in the present work. Tindall et al. 12 reported a rocking mode of NH 2 vibration at 884cm -1 on Ge(100) surface. The strong and broad loss feature at 640 cm -1 is assigned to the unresolved overlap of the Fuchs-Kliewer surface phonon and the rocking mode of the NH 2 vibration. The loss feature at 3400 cm -1 is assigned to an NH 2 stretching vibration in agreement with that assigned by Tanaka et al. 13 for NH 2 symmetric stretching vibration on InP(110). The loss features at 1260 cm -1 and at 1600 cm -1 are assigned to NH 2 wagging and scissor modes of vibration respectively which have close agreement with those assigned by Tindall et al. 12 on Ge(100).
Fig. 3. HREEL spectra of HPCVD-grown InN after atomic hydrogen cleaning.
Small loss features at 1440 cm -1 and at 2960 cm -1 have been assigned to the bending and stretching modes of C-H vibrations respectively. A small loss feature at 3710 cm -1 is assigned to stretch mode of O-H vibration. The loss feature at 3400 cm -1 is assigned to an NH 2 stretching vibration in agreement with that assigned by Tanaka et al. 13 for NH 2 symmetric stretching vibration on InP(110).
Nienhaus et al.
14 reported InH stretching vibration at 1650-1700 cm -1 in HREELS experiments and at 1630-1650 cm -1 from ab initio calculations 15 on InP surfaces. However, no loss feature in this range was observed in the present work indicating no surface InH, i.e. no metallic indium on the surface. In the HREEL spectrum, the appearance of the loss features related to NH 2 species implies that the surface is predominantly N-terminated. Since no evidence of metallic indium is observed in our HREELS spectrum, it can be concluded that the presence of NH 2 species on InN layer is due to the tilted facets.
iv. CoNClusioN
In summary, InN surface grown by HPCVD has been characterized using HREELS. The termination of the surface depends upon the growth parameters and the type of the substrate. The HREEL spectrum shows that the InN surface is mainly NH 2 terminated. The presence of NH 2 bonds at the InN surface is directly related to tilted InN facets and is not observed on the c-plane InN surface.
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